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1 

Sfil^SriS^S-iirSIBatSIT-i: <£ 9 & 9 . ^B**^ 10 
*§{f 9 ft *tfp 9 tttt uvXfc X o Tift* * ti&m 

^i^a-ZW 20 

E Lfc - i: t l - 3 <z>v vftuWclE* 

[W*«5] ^SR^SI nGaAsPJ:945l. 

^Xf+^gJt^-^dS I n G a A s I nG a A s P 

Si946PlN7* KtfcSr £*r«M»i 

Ac 

[IS*^6] InGaAs ( a. g = 1 . 67/zm) (Z) 30 
tff*JS7) InGaAsP ( X g = 1 . 4 m) <£> 

S tr^r->f /uffljc <fc 5 r k Sr«F«i:-*-5»** l - 7 s> 
[ffi*J8 9] *7r>f^t, ft#3(H\ JB**^*^ 40 

ir ^ * /uSfc: £ 6 r t ^WfS £ -T 5 i - 7 <£>v > 
[»*S l 0 ] 2KB WF^SWffl***^ Sr***^* 

»*js i — 3 Rmn^m 5-9 <o^-rtiMz.mit<o^tsk 




2 

[0 0 0 1 ] 
[0 0 0 2] 

(SIS. ^r^i/^y, ^^^iU^ff ^^^) coii 
[0003] HittroJ: p***©^^— SRfi (^) 

T ^ ^ y (FAX) OfH^^TT^ v^^^WR^fc-S V^t^T 
^ia^«^i:Li||«bfc», ¥**u-iFLDl«r«» 

9^tp 0 *flttt*»«82i:J:oT*77>f^3i:A 

[0 0 0 4] JDA^-Ctt^^iRS 4iaotT'0 fS^r 
Sr3t 7 r >f ^ 5 (cBt 9 m LS**^ PD2ia oTgft 

-r^> 0 p d 2 i^ft L/sDtft ^*mt ^nf^, mm 

{f^S^rJSL, SISco^^ FAXMiU 

[0005] aoA#fflitt, mis^^ 7^^>;y(o 

LTfiiS-rSo r©J:5^aaA#«^e> 

»**3t»*«2 t J:o t3677>f 7 l:» 9 W L, P 
DlKiot$»tSo rttS:«ft«*^aCA.T5E«« 

[0 0 0 6] r^<t)i:, i*<^3t7r-<^S:fiEoT, 



3 

[0 0 0 7] 3t^«t It, ^<o^ffi|gtf>*><^ 
& • 

>f^8J^Aixfc3t36S, *77>f^l lfclP3£*oTm 
Sir, cn^jfi^(^3taj-*9^r^^8 t 9^fcW 

TfT< 0 

[0 0 0 8] 

t>, /wA#ffl^*»«»«-t>ra««-*j«'rari:^"c# 

[0009] r<z>J:5t-*S:&S3*S*t (Maifcfi : 
l) ^»*SftK^»*tTb*-5*^tt, » 

[0 0 10] H4ttfl6*«fc«SsaiA#«036a5S«* 
S 0 3t7T^f^l 8 K¥*ft If (LD) <Dli*)<Dyt 

7^- h^^-K (pd) -esm-rsj: ?mlt^s 0 

[ooi l ] ^r-f^i 8te3te=i*^^ 2 2(cJ:ot 
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LD^v*~— /^2 5fclStt£ix5o LD^a- /WiJP 
9 2 3{Z.XoX PD^a- JV2 7icS^£*LSo -Tlix 

{f^S*:#><£>t<£>T*£>S 0 -Z<Dmt*—J±*y*])??kvp- 
fiix«3t^«t»S:fflV^«>b*>So «X.f^EP4 6 3 2 
14-Bl *if{C|E**ix5o 

[0012] igsttt^jKW^s******^^^ 

10 -;l/2 8G0(grffiH!T*fcSo ¥i*^-ffs'7 p 2 9i:r 

S 0 ^giflsu— if 2 9tt-^^9^ h^Lt^5/^3 
2 0DtK"/1^3 1 IZ&yHtfbhZo ^^93 2<D±m^ 

SSrWi-SnfS^^r-T ^^3 4^a»flc^— If 2 9, 
7t h^^-K3 0£rffll>£ 5t-, ^^^3 2 1^8 
£;frSo i^C£oTy- Kfc 0 >-£^X2 9, 3 0 

20 [0 0 13] — s/^£>JtKlte$ h^HWiM&lo'l/X'fcjV 
9— 3 6 ^*>5 0 vvX*/i^— 3 6 fcfcif *<z>5ti£*3fc 
1/^X3 7^ff6o U^XsM^— 3 6 cr>_btdfi$ 

8 ^ii7x/^^3 9 i:7x/^/W:J:ot«^lJ 

2 9, i/yX, 3t77^^^1SLT, u^X^yw 
3 6. ^$i?>jT3 8 Sr-€:n-ettH*t-So ^>-x 

So ^e^^ffl^^ h^*— KK-fcoT^ajfcu— ifo 
[0 0 14] #3£9if3:, ^i»#u^-tf^>«|j6»t-C* 

So ^^^4 2tt«*<z>y — Kt°y4 3^^r-rs 0 

40 v?V>T4 8^uvX/^ylx^-4 6 09±«fcSSSLT& 
S 0 ^!?v?y/4 8I^^77^^5 OO^SIrS^ L 

[0 0 15] *^r>r^5 o^SWfci:»ltfc 
So *77>f^5 0^bttlfe*tt^^Xl:J:oT«*S 
ttT§:^;*^4 1 (-AW-TSo S**^ (PD) i: LT 
fi, 1. 3//m^l. 5 5 // m7t^g*i-S(C(i, I 
nP5:SStlT, I nGaAsSr$*liLfcPD^ 

50 tSi^^oV^T $ P>|d|¥ L < »^S 0 



5 

[0 0 16] HTtt^WI-WS^WffSJt^^sx^ 
(£>»r®ElrfcS 0 n-InPSg5 2(Oil:, n-In 
P/<^77i53, n-InGaAs§*i54, n- 
I nPil5 5^t7^r^/^ftLt^6o n-I 
n P mm 5 5, I n G a A s gftH 5 4 ©4>*8fSttffif& 

4R5 2C0±^n«ffi6 1^S«5*S*LS 0 pm®5 7(Cj: 

Sfcpti5 7<^*MB0tt^sy v-^-^a >J8l5 9M£o 10 
TftSStLTV^o K#tKlhflil5 8<£>£>S I nP»«60 
«fl«t9«-^*35SA«U I nGa A sftBMXJBrBMX* 

[0 0 17] H8ttr<z>J:5*a3t* J f : ^««WttS:* 

Jgtf (A/w) rfcS 0 «flE^5 7ttScfe-biflS9»P. 

^fflfirO^J-Cfi, 1. 0 m 1 . 6 // m^Sot^ 

IS, I nG a A sS3tB 5 4 ©*tfi-Wtt«- J: oT »t* 20 

t^^g^^^^^/i-i^^tLr^yho *7r>f^ 

[0 0 18] 

✓w*bi 4 r * l it x o t- 3 o<z>aE^gpn D n d» e> * o r v ^ 

s^a* a & o r mmm mm ^ v t ^ 5 a* & 

ad$Hji-c *> 5 1 ^ 5 mm** *> o fc c 
[0019] ^KS^ffl^^^^r^iimffl^^^-- 
/wav^ o^asgsturv^So 

(D#^f7- 5 8 8 0 6^: itU^/V^^— K3t^7 

DOQKIi-ffi^r^So PD<D±fcli6»K:LED&»#L 

©4$BflBg5 7- 1 7 2 7 8 3^; i;h,fc-^/W^e — K3fc 40 

So PD©— «B^/hSv^LEDSrf^MLfcfc^r*>5o 
^jy-Jr— i^tClK^Lr^So 

[0020] v^ttt^/^^e— K3t^r-f ^ri>9 p 
&asj£v\> ttir < STfe^ittSf*^:^ < 1 o o $i mgst 

*>5o rH^N. A. (BgPSfc) I^L/i^otiA^6^ 

fc»9S#**«£*^ai**-*o tr— *a*i£< 

2 0 0//m-3 0 0//m) , if ^ y 50 
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toS^Sf^t-AjH-i-Siv^SSr-fcSo ©rfiix— 
lP^J:orS«*dSRiR$ix>fcv^J: 51-brv^So ^/v 
^e— K3te^r>f ^rj£v^^E— K3tS:fiflft£ii:r^5 
rtutt**M3&sgfl«ji: Lri^SjfeiifiUififfi^S 

[0021] Ttiiff «;:fflo^ixa*7r>f^tt=»TSi&s 
l o // m^^y/;^- K77^f^tfe6o -^/u?-^— 

io ^r^^v^^^igrfcSo ^TW^^tfS^ 

urH^U4ittttf*e>«v\ y*?yzfvmLgiim 

^£JxtL#v\> <D, ®© J: 5 ftftSfi^y^*- K7 
r >f «:« 5 to A#*#»« *. * v \, 
[0 0 2 2] V^^/^- K^T^^(-^r^g|5a a D^ 

2<z>B«re&5 0 5te^A#*ollflHfc{;i;*#< 
£ £ to X # S * iSSft* a. - /uSr««i- Sit 

£tp®r# *3t»S«*^^--^Sr»tt-r5*^**n 

[0 0 2 3] 

-/W3\ -*<©*ea»fcJ:ora6ft««rfT5*aSS:« 
30 ^^a-;W^^t, *fiaiKl^iffv^iB[|^bar, 

x{+*a#*^fc»3fe*^a*«>9, 3teai»d»btmts 

tRiRLr U »3fc*^a»feffifcaH«fl 

<z>* ttS**^^ A 9 STfeUi^ (- «t o r — 8ms»ir s 

tb, »9^9^9f+u^X(iiJ:or»*:*nr3teai 
gg^Att^^SJ: 5^bfct>^rfcS 0 ^9f+i^>X^ 
Bfeu^rtt**M#^)5feBir&S«FR5p8 - 1 0 4 4 0 5 

[0 0 2 4] l/yXftf^fif**- gPSigt-S ± 5* 

ft*ias«**s^K±orfflwttfc»i«six*v\ a 

b^*— KS:«5<or&S 0 — WSiSMrfcSd* 
6*tf!>e««cittWlc:*jfc*^S:K»t5W5-e&So 
^S363RT-I^tt*y y v'y^ (f^9f+) uyx^Mi 



(5) 
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It, £^5»#**W<0#«-?fcS o sats^tt— * 

[0 0 2 5] 7* b^t-m«[ffiA»I (0 7 <D£ 
5*fcG>) irWEAttM (i«W»6Alit6) 

s Q «*<z>7* h^t-rav^iattg»« 
So *^BM"efflv^5s** : ? : tt-e5-ett*<'r. 

tttcLT^So 
[0 0 2 6] 

[0 0 2 7] ^r^-CHl^ |2^7r^^?'7 8 7 

^KAS*<z>ft<^Jfci:, *77^^^ffit§)t^ 

t:±\T&k7* Y¥4Jr- K<oS#»*RtfSTass 0 » 

+ R=1"C£>S 0 &S3fcT-fcoT 

/^5*>So ^Jx.«T=0. 5, R=0. 5tfc5o 

tt-«tft Srtt 5 ^TrfeSPg 9 *^*D«MK-0*>S o 

[0 0 2 8] rmi(g$0/5:fe^l : l^Mi-4S 
Jg^o^TlS£:ifi#>So S6^ftfij>^^*^r-f^3t 

5H*S<z>tt3&<z> J: 5 KS*S 0 

[0 0 2 9] ^^fi^«9^fc5 0 5feAS(-t fefottT 



[0 0 3 0] *«^#fi*:KS:»«Ei-S - i: 
fc ^-^fc^Ui If <z>36f*# ^ r ^trpJig-TS lift 

[0 0 3 1 ] H9tt*3fiM©HaiaS:*i"o 3t^r>f^ 

6 2. 7t h^>ft»K6 4, f?4Hr— V7 07fi 

m—ft&±\z-s:m£&m£tix^z> 0 ^^h^^-K 

6 4li*ffi6 6C§«6 5£^fL*®6 7i^9tt^ 
-f;*-— K7 02Sg^*vC^S o 3fe:7r>f'^*B8<z>-hi- 

7t h^t-KOS3fe§6 5, lf7O0>3S 

3t^7 iM//t?v^ e ^flsu^-if 7 o^e><z>aiff3t 

fc:«:A&*v\, *38We»a. g^ff^f^ttu^XS: 

30 mrtx^^&^xmmx^xsi/x&^m^&o ^tust 

[0032] *-rs«*i-o^-ctt9i-t-So yt?T^;< 
«s^^fflr, ^con. a. (r^p^c) iaot^ 

40 9 <z>iKi^o3tttaia-r So Si® bfesm* 6 8 

flcu—if 7 OK AS 3*, t^^^e^T-*>9S:ffB#^Ji: 
iS««F«lds»* 5 a> -CRIHtt* v \ * 7 r -f ^^^^ ^*a 5 

S 0 

[0033] *^a«*"eab536s, rjttt^W*^—!* 1 

7 0<^«3feJB7 ld^feHlSo 7* 4<oM 
®6 7d^A«9S*i6 5TW^M$n^o rttf* 

50 4 |i<toTlR*L3t7r>f^6 2(^4 3 (-A#t-rS 0 
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5fcir#S 0 

[0 0 3 4] *«i©S*«igg|j:, 3fcteitLii-r£ i: 

^- h^^- K£fcfc£T^5fe&»flXU T^SfftflO 
o % ig v ^ms & » S t> <£> tf s ft ^ ^ t ^ 9 t£#E coiSS KB 

m tt* e> * v \ f£ 9 ft wxas $> s <o -eg>j» 

[0 0 3 5] *«Wtt-^J: 5K¥®SS:7;*- htf^Jr 
-ott**jy^5 

[0 0 3 6] r cr-f^fti^^x (^y yvix^ 

X) ^S^o^tMt^o w>-XS:S3K*^K 
f£ 9 ft tt M1~S t ^ 5 fc <0 f«l-^ < oj&>«36 $ jxT 
S c L*»Lv^r*xt> = ^ hfiiJW^fc****^^** 
*5fe*^aS£(Z>*^^X*^#$3tiB^Kf^!9f+ttK 
Lfcfc«)Kii?4u\ iix6>J4«*K4<, ff^ftu-^X 

[0 0 3 7] *»M"es3t*^twf^9W-ttK-rs^^x 
tt-t^*t^"ett*v\ rcouvXtt«*-KKIHUT# 

^l^t5J;?i:UctOTfo5o i^Xjcj; 536:7 
VX£ LT«flBUT^S0>"Cfc5 o **Mi:S*W*=» 

yt/h^i^r^^^, gJE^f^of^uvx^ft 

[0 0 3 8] ® M.MAKIUCHI, 0. WADA, T. KUMAI, H. HAMA 
GUCHI, O.AOKI, Y. OIKAWA, "SMALL- JUNCTION-AREA GalnA 
s/InP pin PH0T0DI0DE WITH MONOLITHIC MICROLENS", E 
LECTRONICS LETTERS, vol. 24, No. 2, P 109(1988) 
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[0 0 3 9] rixtt I n G a A s SrSJtJi t 1"S I n P 
^7th^t-K<OI n P£«EBBK«ffi<Z>— ftSSrfc 

/i mX 2 0 0 // mXfcSo Sffit/yX(Oft^g|j:5 5 

ftfttJ<X2 tan' 1 (25/55) =50° Jcfcfc 

So ^fli^xco^jggihtR/ (n-i) -cfcs^ 

X\ ^<Dm^2 0 — 4 0 a/ m<DM&X~mtbTM^\ 
[0 0 4 0] 7* h isis* h SrStRlSffiK (— tHIS^T* 
10 *<) u^X«KS6*LTliEffiS:^ix^^^-rSo 

ix*o r^vvxttjt^wAs-frTgaewi-ft^s** 

[0 0 4 1] Stftm*'?-y7l£lfc9tfU>>X&Wtl't&t 

7*h^*-K^«IB, i^vX*3t<?5BW3*s»*5o 

[0 0 4 2] Hi 7tttS3KffilKd^SfP9ff*ffii^^X 
*r»oS**^ Kit 7 r ^ fe<B#l«SA«-r 

S c b-— ^fin«l?KKJffi:^9*dSbiitfo «i»S:GTi 
~TS 0 «ffi^^Xbt5)tS Q^StbTV^ 

30 Tm^*fcv^^»ffiA#t®<z>:7;*- h^t-Ki4o 

««*«»j«**t5 0 IKi-MLfcuyXoftSfiNL 
b JH-CfcSo GH, GN«77^^5iP^ (s i 
n" 1 (n 2 /n, ) ) — fi^iSd* 9 I^KStSo §lP^ 

::W0 = 5. 7° T*fcSo HPA<^^»05«*2. 
9° (DfKifi Y> ^rfifo fc* — A^rG J > GLl:J:ot^t 0 
[0 0 4 3] I o^T-I^SMJi^ffi^-a^^o u y 
X&fts0f*ttT^5 (SStxyfy^LT) ^5>GN 
40 ~G Hrt^T<03fc»* s **SixS*BBKA 9 ^95®tR 
£*lSo ^>-XKctoT^^*^AS^T^7t^^ 
liii^ttSo ^^lt^yX(Z)ft$^|j:i 0 0//mt* 

So -Oi9i:S3ti^g)til:M^«/c^U 
vXSrgJt*^ Kfp 9 Hi* i> <D I4BEK«* * *tT 
5 e 8i 7<DV£teM&, 0 9, Ell iteh*<D&&Wtte 

[0 0 4 4] ft|:ff 9 ft XS: ^ J: 9 L tS** 
50 ^I^Stf^Srtf^So 13 18 (a) CD J: 9 In PS 



(7: 

u 

8 o i&<D&m\z. ys*J* v 8 2 &¥mmzMf&'tz>o * l 

T7^Wt^lf-A8 3 SrflfUH" LT I n Pgg8 O 

8 2(^J:oTffifc*xfc«5>8 6l«O**]R5 0 

[0 0 4 5] l^U5/fy/|j:l/i/7h8 2^tfflo 
Tfr< tf>TB 1 8 (b) <£>«fc5fc*<5o *<^ht* 

87t 45„ h 8 2 j&S^THJ ttbifc 10 

BJ, @18 (c) <DX 5i-*««^»fi^ s ^tSo 

[0 0 4 6] 

[Hffi^J® (H9 : f£9f*U^XaSLD&|n]^Tl^ 

yxftt7*h^t-K (pd) 6 4, ^aicffu— If 

(LD) 7 0^CT:t^tl/^o 7* hVJ *—h*6 

5o SttKUnGaAs Ug = l. 67|/m) 

ttJBj&S InGaAsP (Xg=l. 4 // m) e£>4§^te. 

r ^{d^6o a = 0. 7 // m" l *:^b"C*>5o *&0. 
5 = exp (-0. 7) -CfcS^fe, 0. 7/adS!R 
iR:Sa=l : 1 <Df£&mmfy& J *X-Z>o 30 
[0 0 4 7] ls—V<Dftte*:%<&&Z><DlZislsjr;U*: 

* * -m u— if jfta* 77^^I-Ae>4v^ "Cgft* 
[0 0 4 8] Hi 1 Kl < fcoTf£0ft'l'>'X7 4<^lK^f^ 

fis^SfT-tt^^uvx^a?*^^ ^-^£3 oo// 

mX300//mX100//mfMi:t5o 

S 0 — 1f^5>Ufc*ttl 5° <D&&*)<& 
(¥5>T*) ^|>0 0 U^Xttl — If CD 15° <0j£aS0tr 50 
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M**-*"* I n POB#f*m3. 5tfc^ 0 

[0049] m C0ijr% gftiff^**!* i o o n m> 

X^Mitf ft* 1 0 0 m-CfcSo ^ytm^t^t 
7T4'«0&gi\%l 4 0 /i rru ^vX^i V— 1f<Z>IWfB 
f35 0 // m£ Lfc 0 fiSO. 4 5A/W, 

7t^T>r^^C0Sg^<!7— 1 mW (S»fE3 0mA) 

[0050] rtttt*^— w-efcSo iaii<z> (b) 

X«t>-kH, tf*DB4>^K«IS]--3fc:ttijBFK±Jc:afeA, 
-?^<5 0 u^Xoftffitt3fctt±^ j^+'^SrW-feft* 

a _i 4- b- i = f ~ i &mti-tM&mm f a 5 ** £ c l 

r^J;5l-J5rt^^X<^»^fi*ixlSt4f**E"e*v\ ^ 

[oo5i] [^^f+u^x^a;] ifK^fc* 

XCAofc^: LJ: 5 D HT= s fci"5 0 Z T J H — 0 £ 

ffic^w^tc^o/h^-rso wG=ttt§, w^hyt? 

/h£^{ST*£><5£ LTlRfl^fiffili-So fe*>^A/»»jfifil 

[0 0 5 2] s =A?=0 R (1) 
n/3=tP+0 (2) 
s = t +L (0 -0) (3) 
t = 0 B (4) 
0 = n (0-/3) (5) 

[0 0 5 3] (1) te^oOstSr'&tro -^fiHTcog 

fc5*SrO^"C^^5o (2) HT^L-C^^^/KOjfefliJ-C 
fc£ 0 SJffcoSi^J TluiU, AltftffttO+VI^4 
5U ja9fft*s/5"C*>Sd^e>w^J:5*-iSo s i 
ftlittUfcltfcSo (3) ttU'^XL-COatiftWftdS 
9t«t5AMT©XUs, ffl*tjfeW<Z>Xu t <om^^ 



(8) 
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[0 0 5 4] Ul/X<D^X<D\?— ATfo£fg#te (6- 
(s->t) ^>T*fc5 0 CtL^*ft^^X-Cfc5BfeJl"C*> 

5o (4) teft7T4s<frbw%&&&ftmfc<t>x*mm 

R0 {n— 1— (R/A) } "'=0B + H/n 
[0 0 5 7] £#S 0 0*:l»1^T#««r&V\ ^ ^ [0 0 5 8] 

{B+ (L/n) } {n-1- (R/A) } = R 



[0 0 5 5] ««*mS:*T?*t«>5t 6-/3 = 0/ 
n. 0 = 0 {n-1- (R/A) } 'Xtb&fab, 
(1) , (3) . (4) CftAlt, 
[0 0 5 6] 



(6) 



(7) 



7° r*A#t 



20 



[0059] m^^PjcDi/vX(D<^^:r-*>^ 0 
Rfii^x<z>iBHT?**oTv^j&>e>, uyxt tf 

a>b<^BElSiBas*>j&>9. B{c3t^r>T^&^ott«i— tf 

S 0 L-*0<DmmX\ f =R/ (n-1) t*3V^cjfeili 

co^^l i^X<d<&3:(;i#£o 

[0 0 6 0] (7) 5£fi, l^X^ft^M^gR^JS*!- 

as»*ofcWM;:, u-vX (S**^) £w- if IB A. u 
yXi: # r 7 r >f '<lffl B S: if 5 i"*Uifi v ^> £ 5 - 4: i£ 

[0 0 6 1 ] 4: r 5^^ix}i^yX«^^x. <bix#:B* 
[0 0 6 2] o* 9 If &m-tZ>yt<Dfc& Vfth, yt 

7T4'«oyt<D&&Y)ft^ z.ti&mm^xmm<oi'^x 

S 0 *^cfc^l/-1f^fiWtt*(Oj£;^t9^(^^^l 5 
° T*fcS 0 1f*tt^^^rvoj; 
I>< ^>T*fo5^^ooj£^f9^3 0° (^tl5° ) 

[0 0 6 3] *LT^-1f**4fix^t3t7r-<^J-» 

s Q fcta-rsscaoTw- if^foiufci 5° f^^s 
1 5° <Dmm.xmfrh<n&yt7 r j /<\^5 

^5fc»<D*{4=*^;fc;h,fiftv\> 
[0 0 6 4] rtiiaot, if • i/y 

otf)5*:£:#So jfel5 4f, WXtfXk5£ (A, BOiM 

^feuvX<^R»*35fft*S*36S-CtSO-C&6o 
[0 0 6 5] [UVXcOKtf] ifeJic4fC0tH|[-ett, 0 X 

0, v*4fte£ST>&ofc 0 ^fttiu— iftr— *<z> 
JtS^^^ip (0ix.fi l 5° ) *7r-f^^ JI 5ft 
0 (M;Ui5. 7° ) £@£U Ur-CttJfcl — 1f7fc^0*5O 



30 



So (3) S:36^uvXo«*W«^eJK*fl=a:^*.■rv^ 
S 0 (1) . (4) , (5) £ (3) CftAlt, 
[0 0 6 6] AiP=0B+L0/n (8) 
[0 0 6 7] £:f#s 0 L, nfiBE*no«fe 

T**>So (8) ttAfcB<Z>B«*»t«)So RSt#"?P5# 

V\> ftT?tiRtt—^*^St*oTVNS<^-Cfc5 0 *5 

^d*#re (8) ii*raw*s;"e*>5*s N miction 

[0 0 6 8] m»iBSr*«?>nJiAdS** 9, Aj&*8tS 
^LT^J:5c *Z7r^^O/£tf 5t 9^0 = 5. 7° = 

o. i (7^ry) , ip=i 5 0 = 0. 2 6 (^r 

V) -C, n = 3. 5T^5^f), M^fiS**^** 

L=100//mit5^ fSW- 
[0 0 6 9] 2. 6A = B+28. 6 (9) 
[0 0 7 0] £#<5<£>-CfcS 0 If • U^Xffl 

A&5 0 MmitS 

= 10 1 mt&S ^®) o ?4>US< lt a 

= 64/zmif6i, B=138/*m<t#S ^ 
©) o £<b(-j£;< UA=90/im^f5^ B=2 0 
5 n mM&S (4r— ^®) o 

[0071] r5UAtB^6©t% 

Xoo^ (7) MAHSi. ftffi^ft$*§R$:lt-It 
#S G m^JCoT^VXtO^ff^r^fcil/^*^^ 
So **btt (8) 4: (7) (^RAi-S*^<fcoTffi¥i- 
5>^S 0 



[0 0 7 2] 
40 [f 10] 

R = 



V (n- 1) A 
(0+^) 



(1 0) 



i*£ 0 5feSif^^7>— ^Srffi^-fS 
1, ^=0. 26, n = 3. 5T'fc5^ 



[0 0 7 3] 

t, 0 = 0. 

[0 0 74] R= 1 . 8 0 A (11) 
[0 0 7 5] iftSo 5feaiO^--^<D^'(3)^. 
(D A=50^/m. B=101/im, R=90/zm 
© A = 6 4 /i m , B = l 38//m, R= 1 1 5 ti m 
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® A=90jum > B=2 0 5 //m, R = 1 6 2 /i m 
[0 0 7 6] (7) . (8) , (10) 

B£ft<tV>«£{4^ib&£3o L^SSh tf^§S 
^f^£oL^ftv\, A£-i>£o&:#>>5<>:, b, Rtf* 

[0 0 7 7] ±<£>#Jf3 x If^jEtfS*)*!^ y 4 

yjs<\z. (r r-eiiS*It<3!>5 0%KflxttP«8JB*£: L 
ft£>, V<z>fi£SJ;9/h£<ft£<0"e. AS: J: 9j£< 

*ort>isi«te*5*3»sa#So -t^iidttVitfiojs; 

mdW/i^e— K"C*>S £ 0 £ J; <9J£< T?t £<Z>T% 
B?:J;t9g<, A«rfi<-C#£o ^V^— S*0-+ifcftif 
Sr»)^LTA^»:46 x R i: B 5 J: 5 f-i~£o 
[0 0 7 8] [HJfcflfl® (Bio: f^^ftuyx«7 
r*f ] 8i0i:*t«2^i«fc, *:7t-Y 

^6 2©iS±|:, \s>Xtt%y*Y¥<<Jr-y (P 
D) 6 4, ¥8MtL — if (LD) 7 0SrB:^J^^^-<TV^ 

u-if 7 o^^f^^Tv^o tfoas 

ft*«ftt^lfcW©ilRl*lit?*>5o ^^^X7 4« 
7y4 '<m\z tb&fa feS«*f*S«S:ii o tg^i (dS 

<, 5«#*»iRLfti/\, 

[0079] immm® (hi 2 : my* hy^ 

K&ilftl) ] £ <£> V— if ttfl»*# 7 2 tftt-e* < ft 
«tf>#7 7SrtttU"C#5 J: 5 ft if 
5o V -y* 7 0O«£C0«Bffi7 6c^£ fe^ft*^, 

$m<r>7* K8 5^^g-T5o S^B84l: 

i — 1fG>«*#7 7*S7,5<o-e, u— tf*(OMflfSrEa 

If i^e~* PD^ ^— oco^n >y <5r— ^{dilft ft T fc 6 

^xtf£¥&mm<D p d sriian-rs n t \z x o 

[0 0 8 0] [HJSfi&J® (013: if MS 0 *# 5 A 
t>*V^J;5^ffiS:ffi*tS) ] *77>f^6 2<£>ffin56 9 
SrftfclilWWrU I If* 7 3^«HS6 9fc±oTR*t 
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£*i3<tM£>7fc7 8 u-if KM fbft^i: o \c LT 
fc£ 0 ^ b I^^PbI^) i^v 7 1 F ^ K P D 6 
4 fcfflttT. f i 7 4 t^gtt 7 9 

u— if 7 OKA^fti^J: 
3tSrB6^^— if<7>»^^*ftS:B6Jti-5o t^t-T^ 

[oo8i] immm® (an: wxw-t^aias! 

©SftHS^iSjteJBJ&M /x m—6 fi mU5^ #3891 
<£>S5feJf teO. 7/imSI (inGaAs^) -1 
Sim (inGaAsP©*^) T*£>£ 0 S:3feJB 

[0082] li4[:J;ot7^ h^-f^-— Kco— W<D 
20 »f®S:7^i- 0 r*U3l. 0 p. 1 . 6 n mdJggftOfc 
5lnGaAs7^-F^>f K<Z>«"C*>S 0 0 7 <Z)f£ 

I*$l^tV^^CtT*fe§o I n PSffi9 0<7>Jii^. I 
nP^jx7ri9 1, InGaAs§*i92, InP 
KB 9 3^^(7)!lii-^t 0 ^^r^^/l-jErgSLTV^c I n 
G a A s g*Jl 9 2 fi^^O^:*^ J: 9 S»V \ 

[0 0 8 3] ±fflt*»d»bn»t Pl««9 4M«S 
lt»^J:oT^J*Stb-5o I nGaAs$*i9 2 CO 5> 
*) p S««(^4 o fcffll^ i: n 1 1 nG a A s 

30 « 35 0 9—181 3^16 5 I^BfcS-T^o PS«9 

ymm9 5 0rtfl8tt**SA4ti-5^*fiB«T?fc9K»B6 

&»ifRatbftV^£Tas I nP«li:A5i5l-Lt 

J&S&So Xy^-i/g ^Ktt«JB 9 3 ^ PNS^^5S 

[0 0 8 4] I n PS«9 0(D&m\a^i^>^7 4& 

40 5yy^nti9 8^ttb^So y>-^nmi&9 

8 ^ J;oTH**t5««»4K»B6itBt9 9 icioTS^ 
llTfoSo ±»^e>AofcAAt*<z>»iclS5 0%^Tfi'Jco 
[0 0 8 5] ^(OX 5^ftS*f*tt-S**iofo5 0 — Ofi 

ttHffifc^^tt^!9lc< V^L^ixjSS**M^»Bft«F 
50 ®-Ctfe50T% «T^ffU<lttMi- 5o 
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[0 0 8 6] H*fc*^A*tLrt«BSriiiaLR»ffll«)ffi 
£ J: o Tffflffl-* * v T-Ttf 5 r t & X$ 

[00 8 7] T=exp (— Z a d ) (12) 
[0 0 8 8] l:];oT$^§ c £Ji3t*Siiiai"'5H# 
r^KSIa dSrf|-J(U £;h^0>fn£#«>5£:^5 ~ £: 
^rS*-t"^o ;*cf£exp (-0. 7) =0. 5T^S^ 
fe, od*0. 7fcl#5ff*d (=0. 7/a) OJBtt 

f* I n PCJ:oTT^TV^ 0 I n P I n G a A s <fc 

1. 0/im-l. 6//m-C|)5^b, InPtMtl 
InGaAs$)ti (nl+pl) -C<Z>* 
®I&£tL£ 0 Ifc^ot, InGaAsg)tl^# 
^A^/cttT^ 9 £ 0 ::tfiffi|ClnGaAs 

niGa<7>jHLj«ittttt:*or 

[0 0 8 9] 3tii«{-J:<fflV^jxS 1. 3//m7feiC^f 
U InGaAs^I^lR«tia=10 4 cm" 
= l n m-t*^ tS*tt^«B<o*S:»i|XU«HiJ»*S: 

nGaAs$*WSffll/^hT^fco 

lx m^d i:aa*T^H«Sr«t-W-JMS*"e*>So tit 

WnnGaAs§*iJ|^d (j^m) , fgEtt^igiB^ 

T (%) T?fe<5o 0. 5//mt*60% N 0. 

1^5 0%, 0. 9/imt*4 0%^i5 o l//m-Ctt3 

6%^T^^ Q 

[0 0 9 0] tbt5 0%Si§> 5 0%8MXi: LfcVvZ> 
"T?fc*tfi* InGaAsfWd = 0. 7 m i i-;h,fif 

5i ir^ffi^UT^I+^tvT^^^Tfc^i^^ (4 

[0 0 9 1 ] Hi 4<7>^U— ^S^^" Y#4Hr— K<7>§8 

ffiTfc&o f^3 00//m, V irftfttt n = 5 X 

10 18 cm-W o SfiOilI2. 5 /i mJ?3MZ>Bi*fi 
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[0 0 9 2] ^^^rS^>±^SSf4* I n G a A s $3fc 

fco I n G a A s <D3rir U ^rjftfttt n=lX10 15 cm 
■*"C*>5o Ki|XB^_ti- 1 . 5 At m<D^fy<D I n PSftJH 
§:j£fi£-ti:fco ^rtytiSlin = 2-3XlO ,s cm 

V^c^n 9>f KfitflfifcKft (C-VPE) £rfflWc 0 r 
ttJcpRe>i**«4feJRS:fflv^cMO-CVDffiS:fflv^Tt 

10 [0 0 9 3] #C(^gUl<£>_hi;i, S iNx^7^tl 

I nGaAs$3tl9 2 0-»i^R-S 0 p ®1H*K<£>JSi* 
SfBiCiy y^©pSS9 5SrJgfig-T5o -WiAuZn 

-g-fecD P m^T*$>^ 0 fci- 1 n psgisi^t h y y 
t5 0 S bi: nl i n PSfi^lffii: y y n 

9 8£r8S:tt5o ^liAuGeNi^liT^o 

[0 0 9 4] Sffi<^p«ffijr J:oTia*^fc»4Ji, ft 

fc£ 0 R#tS:B6CiKS^*>So S iON(Di/4 (A = 
1. 3 urn) ORJWBSJfcKSry 

5o 5f-LTf££jLfc:7;*- Vy^^r— K<£> 1 . 3 

// m^*H"5aiiB*TttKtl-ii9»5 0%fcfco*i 0 
[0 0 9 5] [mi&m© (016: h *V 

K<7>«iS : ^ ^) ] m 1 4 te^-^S^;*- h 

K<03Hfe«Sr*i- o nllnPSftlOO^ii:, 
30 n§! I n P-^s/^xJl 1 0 1 , nflnGaAs$)fci 

10 2. p + Si n P81 1 0 3^xt7^rv/t^S 

ltv^&o p + i o 3<D±.ma*v i/y±<D P m 
m l o 4$mftbtiZ> 0 **»te#aHi5An£*5a> 

&RttB6JhB(l 0 5i5S?efrtStb5o nSlnPSSlO 
0<Z)lSWii!liUyX7 4»^^H5 0 v-^XSrBtf 

<t 5^s*»ffi«ia«Bi2iy y^niii o 9as85H*fejx 
5o **cou>-XS|S«R#tB6ihlBti l 0l^i;oTSt)ti 

[0 0 9 6] ^^S<^«^, ±«BdS«5<*oT*5 9, 
•T, I n G a A s p f I n P^I^- 

<S^ffiS:S i NxCO^j/^^— i/g yRl 06iCj;oT 
®5o P + InP»^rt!JtgSttp = l- 5Xl 
0 l8 c m- 3 -rfc& 0 I nGaAsgjtl (Mi) <?)l? 
^fSO. 7 nmXhZ> 0 rilt) 1 . 3/imiC^fLTl^5 

[0 0 9 7] [3afi«<2) (019: ^y^-^CPD, 

so ld, PDfiriRsufc*^) ] mmvt&m9i<D^yjr 
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1 1 1 liTII^tWfc4*^y — KfV 1 1 2, 11 
3, 114, 11 5S:tt5o ^*y<?l 1 1 CO Jh®^ 1 ^ 
<fc 9 J ^ J HI^LT;tf— /VI 1 9a*fc£ 0 1 9<Z> 

±SSi:fj;t^^yM 2 0 (JHfrfrfc u vXtt£¥iS 

[0 0 9 8] LDcOfft^coSCTT^fco-r^^^iSI 3 
^PD8 S&y-y-rV^ h 1 2 3 5r^LT5l 
9Wt<bH£ 0 -a>PD»±TfpI#i-HiT< 5 1^—9*36^ 
&S£^~^i-& 0 Mf4LT (1 2g) l^ScDIiRJlt* 

fz.i&x*frz 0 3 o<Dig^te i mB±i^m&\^&A; 

sxXi 2 4dS^y^i l l <D±m\cfflfe£ti 

[0 0 9 9] PD6 4SrBt9f+*tSfc*<7?-^^^9^ h 
1 2 0 60#J£r[2l 9 60 (b) , (c) , (d) 
(b) (Df-y^^iy hl*&}9iK% l 2 8 4:f U 
ffil^^7^Xl3 0Ltfc§ o 

So (c) ^X^^M*—*!^*^ Xl 2 9^5 
>-l 1 5(il7>f^{Cj:oTg!jRSHSo (d) cOlfX^ 

[0 10 0] if i LTW\ InGaAsPCO 

1. 3/imI/-ffjx^S:fflV^o LD^yXiNTXte 
300AtmX300//mX100//m (ff*) "Cfc£ 0 

1 Nt^!>y hl^@£t6 0 7thy>f^ 
KttmfJ6<7>«J:5>fcI nGaAs05PD-C&5o PDfy 
XlM X(3 4 50MmX4 5 0//mX3 00//m (ff 

*) -e&So ^yt&tewmT-mmtm 2 0 0 ^ m-cfc 

So 

[0 10 1] if ^^^7 0&A 1 NCOI^X-^^ V h 
12 2|:AuSn(:<tot*PeWtU: 0 ¥Si®t£ (5 
0%jgi§) :7 a- K^X6 4^A1 2 O, -y- 

X-^^> M 2 01^ 7* hX-Y K8 5 SrA 

1 2 O, IfX-^^V M 2 3CAu S niaotWft 

t\ ^^PD, LD, 5 0%PDCOl(i(^^^X(-^ffl 

[0102] iJ-X^v h 1 2 OfimiaiCDJ: 5 ^ (b) 

-(d) (D£?t£mmmT*$z> 0 #^X60n©&, 




ftm^l 1-52199 
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[0 10 3] JSklr. ?/Xl 2 4 Sr^y 

Xl 1 HiHJrrSo #7X&*#kltfEm&ft^ti*b* 
s/XidoU^Ttt«Si-5j6Ml3&S*V\ ^;/Xl 1 160 
^t^rt'7/1 2 4^4 J *MS***Srt-*ffi«"e=¥-1r 
j/^y^tSSlStSo ;yX^u^Xtt#oo 
t>C0T*^<^/^^^^Ot>C0T*<fcl/^H, g**^ 

[0 10 4] r Htt^fcSo^i^^^C 

h^frfc summit Lfc V s v 

[0105] (B2 0 : t°x^-f /i^>r Xco 

^co^^^l 1 1 60Jt^£ ^{d^in/U— /l/sft/l^— 1 3 

20 3 SrlSLt^5 0 v^Xa^e- — K7 7>f ^6 2 co^fcig 
Ir7x/^1 3 6KUf AB^U 1 3 7£r8SK 

^$SoRfS^^3i/i— /I'/Jvi'X— l 3 3 co^klft^Lf-M 
Li&tf 0 WttfeS-^ K y ^ ^ 9 1 3 4 ifiifrA'y— 1 3 

9£rWC 0 

[0 10 6] ft7T^/<frb&tz.%:t)mft'tZ>%:m±.\z 
UVXf+#PD6 4 t V 7 0^K^*bTV^-5o 

30 T*3tfl:Sr*-^ LfctfSfc. ^.y^l 1 1 (r^b^^X- 
1 3 3Sr7k¥^lRj^»^L*iaffi»S:*«)So AgjS^Y 

g(ClS^i~5o ^ 5>^7 3i/W— /W^/l^^— 13 3 iC*fL 

MLt@^t^) 0 rco^^f-^lS^P^^tToT^fe. 
^-13 3, 7i/^/H3 6^1fU: 0 
[0107] rco^v^^— 1 . 3 1 m m^^rAW^ 
tT7t hX-f K6 4<^®a^aiJ^Lfc 0 Rl^omEE 
40 ^5VCOB$(£0. 4 3 A/wi v^ 5*5ftffiSr»fc 0 Mist 
(D^t^r i^zr—yuxn 0 . 8 5 A/W^l/^p^arffi^^ 
ipWl^feixSo o*9iS«OPD^»^0«E«ffl[-C 

[0 10 8] $ bi-LD 7 0 (C3 0mA6O§gibm»£^rS£ 
T<S^!7— ) ^ffl^Lfc 0 ^:^*Sm^0. 2 9mWt 

50 ^17— 60^^/^filliO. 6 mWt'fc5 0 1^—1^*1- 
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[0109] K±tt»tt*tts:"e*>5o ^^^ft^-3fe(- 

5 5Mb p s CO^f-^/E Wc Q 1 5 5Mb p s <Ds</U 
xm^Z^it-tZ- tt, 1 5 5Mb p s -C*U— if&ffi 

v^— /Pi LD^e^a— /^Sr3t^r>f ^* s/^^KU: o 
TJgr&U LDtPDS:XEI-«ifPS*S«**«>iSS 

[0 1 10] mmm® (H2 1 : U-typfjU?^-? 
(D^riSa—JWrn) ] 3t7r>f^S:fll!llSi: bfev^« 

^t^^PD, LD, ^^i&ttt^r-t 

^14 0^|jf5 o LD@^77V^14 0^i8 

* 1 4 3(0«ffiaS*»S*L5o 

[0 111] ^9^^^(04>^^tt«i*[ao?Lds*7LS 
1 5 OtD/^VJl/Jf^tey /W 5 5/^ifii 

[0 112] •7zc)\'— /VI 5 5^r^y— ^1 4 8 i-J$A 
I, ^^v?$|Si 5 3*^^91 4 7Kuta£r«*::i:fc: 

77>f^i: If. PD^^77^^LTIS^ 

t5o Srte5^ttS«t*:* s ^--1ft-Mb*v>J: 5 

[0113] CHIKM(IO) (022: P D«r«* 

K«rU— 1f<ZVe-~*l£flE5 ^idS-e#S 0 $fg 
^iJffl-r^coTfoSo — OCT) sftt^-n 

[0 114] [SMftWUl) (H2 3 : «tBS«rA«E-r& 
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(^■Ctt«<T, i£«ffiKt-K»tfc*B»l 6 0i^J:oT 
itBLTd^^ffit^ai-o *t«»l 6 OteS i (OTIS'? 

4 tmVD-y-*'?^ h 1 2 0(C^-iirTB< o PD(Z)Si 

10 f 0 023© (b) fi^^^PDSr^V^flljgSr^LT 

[0 115] [JSffigirtt^toiirfcaftlHlK] 0 2 
4i^m^(HlSS0^^-ro 02 4 (a) f^-^PDcofc 

v«tt3. 3v, 5. 5v*ir-es>-5o aiifcffl^tt 

ouTSm-ttT < 5 0 u-— tf 7 ottry— KdS^Jr— ^ 

20 CSiUfcSo 

[0116] ^y— m*«EE^gi^*LTLD(j:igiii« 

dS*feffl$tbS 0 *>B*I1IIK-C&5o 02 4 (b) «^e = 

Sri*, ^b^^y-Kffl[l(c^e^^oUTiffi^^o^^tt 

30 [0117] rco J; 5 i^^^^(7)tgfci^ftotouT 
0«BE»T36»fe^-1fW*«:****i£0<a»J:, 

fc<5 0 

[0118] [3t*«(i2) : mm^^^r-^mm^t- 

40 ^Lf't^^^^o 02 5 (a) fi77-f^6 2 N PD 
6 4, LD7 0W¥ffi@tfe^ o i/y/^- K7 
T>f ^6 2©fft^_h(CU>'X^#^jgi§SPD 6 4 
U-f 7 0 3&ifc5o r^PDttl nGaAsPtfffittl 
T*fc5^ba = 0. 7 /im-'-e, K»Ri:Si§^r5 0 %T 
o^i-^lClf^l?^^ 1 m mi-r^ 0 PD^g*l6 5^ 

r*Lttt>^*A/K*HcLTtfiv^ 0 02 5 (b) te^V 

[0 119] ^V^-^i»I«)t7^y^T(b5o T 
50 7 2<Dm&&t>1t\Z 
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*5o ffi®^£^:/Xte4o^fc 0 v££F0 0 
Kt°yi73, PD^y-KtVl 74, LD*y-K 
t°yi7 5, LDT/- Kt°Vl 7 6#ifrfc5 0 
^y^l^^7^Xl 7 7, 1 7 8, 17 9*ifdSHl 

[0 120] LD 7 0 fc-* ^7>f X(Z>±fCg^$;ft,5 0 

LDcory— Kfiy^ir i 8 0T*t°>i 7 e^gsutstt 

0 il m, IMS© l^X^ft^^MH* 10 0// m, §: 

£{£3 0 0 v m-e&6 0 ^y^-^<7)Mfi2^ y^T 

4 < <£ =1 ^ h r«j£tt <7? ift i/^^ • £ * 5 0 
[0 12 1] fiJLJt^aS^fcSllfiW 1 - 1 2ttfc< *r# 

[0122] ( 1 ) g^feJia 5 InGaAsP < * g = 
1. Aura) ©5**^**6 5 a = 7 0 0 0 c 

7 // nr'rfcS^b, S3feJlJ5*«: 1 . 0 // 
m^L/cNF, ©lR:Sia=l : lt45 0 -Hfi 1 . 3 
// m£r^g:U 1. SS^mS:*!:/^^**^ 

[0 12 3] (2) 3tetf>ftftra:l. 3 m£r#ij £ Lfcs&s 
rtticPfi&3fcV\ 1. 5 5/zm3fett)gl/\ *]fc:0. 8 

£{£«&<£> S i Y?4it— K£H£? r £^r 

[0 12 4] (3) *77>f^li^f^K7r>f^ 

[0 12 5] (4) **S-fr©ffi^tt, *^r^^^RRfe 
4*D«S:Sixrmr#fc*«r, #«W0>3ti££«*S^ 
[0 12 6] (5) 7t h^t-K^8i8*li5 0% 

£ unttMbrtfcds*n^Ke>«v\ ^<^>;*x.m- 

K<z>«**« jfet"S^#^? J:orSia*S:«c%^e> 
[0 12 7] 
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t ssffi* r s> s m r <b < - £ \z x z> = ^ 

[0 12 8] miaot, 3t*-«fcS^|Pliiff, 

«ig<^V^£D^i;L^ig&o El 2 6 (A) f*1£*0*J<Z>^ 

21L teOLD ; t^^2 5, aS£<^P 
D^a^2 7, 3o<Z>3fe=i*^ ^ 1 7, 2 2, 2 3 
aSi&«r*>5 0 **U-2*U *»@2 6 (B) 

& 0 *L^&#r&6 0 

[mi] — o<z5«si<z?**aigff^*]ffli-$^iPi3t 
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